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e lceCube

« atmospheric and cosmic neutrinos

* the search for dark matter

lceCube.wisc.edu




 all results with detector under construction

e SOON:
- results from completed
detector with improved software
and calibration
-2 WIMP masses as low as
10 GeV

« far from the square root regime

 thanks: C. Rott, D. Grant and M. Danninger

lceCube.wisc.edu




* shielded and optically
transparent medium

Charged Current

« [attice of photomuiltipliers




lceCube / Deep Core

* 5160 optical sensors
between 1.5 ~ 2.5 km

« 10 GeV to infinity

« < 0.5 degree on-line
< 0.2 degree off line

« < 15% energy resolution

Digital Optical Module (DOM)
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muons detected per year:

« atmospheric* u ~ 10"

e atmospheric*™ v 2 u ~10°

* COSMIC vV2Uu ~ 10

* 3000 per second ** 1 every 6 minutes




Run 110977 Event 6561545 [Ons, 40000ns]







The IceCube Observatory
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« atmospheric and cosmic neutrinos

lceCube.wisc.edu
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oscillations in DeepCore [5.6 sigma]

Low-energy sample IC79
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* the search for dark matter

lceCube.wisc.edu




Indirect Search with lceCube

Look for potentlal sources that are well deflned and
have low or understood astrophyslcal backgrounds

IcCECUBE

Galactic Center & Halo:
Limlts from lceCube-22
Galactic Center:

Limlts from IceCube-40
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Ll ** .............. ./Locol sources: \

o uvcam sun:

L o Comblned Limlts form AMANDA, IC22,
R IC40+AMANDA

3 , — lceCube-79 final senslilvity *new

Ve Searches beyond “standard” SUSY:

Dwarf spheroidal Galaxies: A — secluded dark matter sector *new
- lceCube-59 limlts *new

Clusters of Galaxies:
— lceCube-59 lIImlts *new

Earth:
Limits fromm AMANDA
J @ew analysls with IceCube-86 ongolngy




off source on.source off source

o
ARA=-180°

Galactic Center: . &
x on-source reglon below the horizon (
X need to veto downgolng muons.
x Use central strings of detector as flduclal volume, surrounding layers as veto.

~ - ~8kpc

60 p—— SRS /|C22 (Halo analysis - 275days): \
fr b T, T, observed on-source: 1367 evts
observed off-source: 1389 evts

0e \Even'r selectlon dominated by atm. v

.
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A RA=180°

I, GC G R . /'Ic40 (G-Center analysis - 367 days): )
e Dol n’’ observed on-source: 798842 evts
55 predicted from off-source: 798819 evts

Event selectlon dominated by atm.
N yam k)

66”“7'“7713£;{;;; e
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Observations in both analyses were
consistent with background-only expectations




Galactic & galaxy cluster limits

|

Limits computed at 90% C.L. as function of WIMP mass and for various

annihilation channels assuming branching fractions of 100%

- .
Dwarf galaxies:

* Source stacking analysls

« Optimized slze of search window

* NFW proflle assumed

Galaxy clusters:
 Extended polInt source search
« Opftimized slze of search window
« Substructures taken Into account
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multi-wavelength approach to dark matter searches:
IceCube can test DM models motivated by PAMELA & Ferml data (e.g. Meade et al. 2008)
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WIMP Capture and Annihilation

O Halo WIMPs scatter on nuclei in the Sun

Q@ Some lose enough energy in the scatter to be
gravitationally bound

Q@ Scatter some more, sink to the core
@ Annihilate with each other, producing neutrinos

@ Propagate+oscillate their way to the south pole, convert
iInto muons in the ice

Y+ ?2W+WDv+yv
b+b 2v+v
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Indirect dark matter detection

= indirect rates are dictated
by the interaction cross section
of WIMPS with hydrogen.

- no unknown astrophysics

= in the neutrino case there
IS a direct connection between
theory and observation and the
background is understood.




mossoz - AnQlysis Results from the Sun

IcECUBE

More detalls on limlts
Abbasi et al., PRL. 102, 201302 (2009) (IC22 7
Abbasi et al., PRD 81,057101 (2010) (IC22 ’
Abbasi et al., PRD 85,042002 (2012) (IC40+AMANDA)

- 0.05<0Q,h” < 0.20 MSSM model scan
19 : " G < G CDMS(2010}+XENON100(2011) — — CDMS (2010)
[ -.--@- lceCube (bE) ——— COUPP (2011) ]
10-33 - —=—— IceCube (W'W, "1 for m, <m,, = 80.4GeV) KIMS (2012) 3
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lceCube /9 string analysis

* Incl. DeepCore

.

(Solar WIMP analysis with 79 strings (sensifivity)

» Performed separately for austral winter & summer (152d +167d livetime)
» Low energles (look for contalned or partlally contalned events)

_ N
Analysls performed separately for;
austral sumnmer (Sun above horlzon)

&

austral winter (Sun below horlzon)

. .

IceCube ™

Neutralino-proton SD cross-section (cm?)

—
=.

w

o

—
<
&

—

S
&
~

—

<
w
o0

—

S
w
1=

—

o
N
=

0.05 < QA% <0.20

ICECUBE

MSSM model scan

- B . < " CDMS(2010)+XENON100(2010) —_
[ ----@-- JceCube-79 combined (bb)
| —a— IceCube-79 combinad (W W)

lceCube-79 (bb} Summer
lceCube-79 (W'W) Summer 3
IceCube-T9 (6B} IChigh ]
IceCube-79 (W'W) IChigh
lceCube-79 (bb} DC-low 3
IceCube-T9 (W'W') DC-low 3

ot
4 T
o
o
+
¢ 3
/ 3
s -
g
s

—
o

107

10°

Neutralino mass (GeV)



lceCube 79 data

+ Up-going (D
* No containment
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Unblinding results (Sl-cross-section limit)

8 0.05 < {1, h* < 0.20 MSSM model scan
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Unblinding resulfs (SD-cross-section limit)

IceECuUBE
. 0.05 < (1,h* < 0.20 MSSM model scan
0 Og, < oy CDMS(20105+XENON100(201‘I) “lceCube pre"mjnary*
f==+=C=== |ceCube 2012 (bb), syst. not included
.23 A
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Indirect dark matter detection in the sun

Dark Matter accumulates in the center of the sun — high-energy

neutrino annihilation signatures from the sun
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Global SUSY analysis with l[ceCube

.-
More detalls: P.Scott, C.Savage, J. Edsjo & the IceCube Collaboration, arXiv:00001v1 e IcCECUBE
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S : . )
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lceCube drilling to best low
background site on Earth:

—> radio-pure ice
- no seasonal variations
(temperature, humidity,...)

—> shielded from cosmic rays by

lceCube veto

* DM-ice, DeepCore upgrades

« $1.25M per string of 60 ten inch
PMTs (data to your pc, includes

logistics

Muon flux vs overburden
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 all results with detector under construction

* SO0N:
-> results from completed
detector with improved software
and calibration
- WIMP masses as low as
10 GeV

» far from the square root regime

 thanks: C. Rott, D. Grant and M. Danninger

lceCube.wisc.edu




The IceCube Collaboration
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DM-Ice Prototype Detector




DM-Ice Prototype Detégior Deployment'
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Unblinding results (observed results)

Neutralino-proton SD cross-section (cm?)
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lceCube /9 string sensifivity

@
IcECUBE
" 0.05<Q <020 MSSM model scan
< 10 "o, <ol COMS(2010)+XENON100(2011)  __ cDMS (2010)
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/SG itivi tends 1 c 108 —=— &cﬂni :W‘)W',f:' for m, <m,, = 80.4GeV) KIMS (2(512) ! E
nsitivity extends fo s e loaCute-79 sens. (5) o BUPERX G -
WIMP masses of 20 GeV | § 1o\ e e —e— SUPERK (2011) (W'W)
g
S 10%}
Only 1 year of data =
5 10
. . Q
Data unblinding soon! & 1091
£
g 10}
also search for UED s
<
\models (not shown here) 107
10—40_
10-41 1 T
10 107 10° 10°

Neutralino mass (GeV)



